Acta Crystallographica Section F: Structural Biology and Crystallization Communications is a rapid all-electronic journal, which provides a home for short communications on the crystallization and structure of biological macromolecules. It includes four categories of publication: protein structure communications; nucleic acid structure communications; structural genomics communications; and crystallization communications. Structures determined through structural genomics initiatives or from iterative studies such as those used in the pharmaceutical industry are particularly welcomed. Section F is essential for all those interested in structural biology including molecular biologists, biochemists, crystallization specialists, structural biologists, biophysicists, pharmacologists and other life scientists.
SspB is a 1500-residue adhesin expressed on the surface of the oral bacterium Streptococcus gordonii. Its interaction with other bacteria and host cells initiates the development of dental plaque. The full-length C-terminal domain of SspB was cloned, overexpressed in Escherichia coli and purified. However, the protein could not be crystallized. Limited proteolysis of the full-length C-domain identified a core fragment. The proteolysis product was cloned, expressed and purified. The protein was crystallized using the hanging-drop vapour-diffusion method. X-ray data were collected and processed to a maximum resolution of 2.1 Å with 96.4% completeness. The crystals belonged to space group P2 1 , with one molecule in the asymmetric unit, a solvent content of 33.7% and a corresponding Matthews coefficient of 1.85 Å 3 Da À1 .
Introduction
Dental plaque is a complex mixed-species biofilm that can consist of over 700 species of bacteria (Jenkinson & Lamont, 2005) . Grampositive bacteria such as oral streptococci and Actinomyces spp. are primary colonizers that initiate formation of the oral biofilm. The initial bacteria provide adhesion sites for secondary colonizers such as Fusobacterium nucleatum and the periodontal pathogen Porphyromonas gingivalis.
Among the proteins involved in the interactions between streptococci and their binding partners are the antigen I/II (AgI/II) family of proteins. The AgI/II family is a family of well conserved surface adhesins that are expressed by virtually all species of oral streptococci. The precursors are between 1310 and 1653 amino acids long and contain seven discrete regions based on primary sequence. These include a signal peptide, an N-terminal region, an alanine-rich domain, a variable domain, a proline-rich domain, a C-terminal domain and a cell-wall anchoring region (Jenkinson & Demuth, 1997; Fig. 1) . The AgI/II protein SspB from Streptococcus gordonii mediates a wide range of interactions with host proteins and other bacteria (Demuth et al., 1996; Egland et al., 2001; Holmes et al., 1998) .
Dental plaque, mainly consisting of Gram-positive and commensal bacteria, can exist in the oral cavity without causing any disease. Nevertheless, shifts in the biofilm community can increase the number of acidophiles and Gram-negative bacteria that cause common oral diseases such as caries and periodontitis (Dalwai et al., 2006) . P. gingivalis is a Gram-negative pathogen associated with adult periodontitis and is mostly found in an anaerobic environment. However, colonization of the oral cavity by P. gingivalis is likely to occur in supragingival areas where oxygen tension has been reduced by already established biofilm communities (Bradshaw et al., 1998) . P. gingivalis has been shown to adhere to the S. gordonii AgI/II protein SspB (Brooks et al., 1997; Demuth et al., 2001 ) via its minor fimbria, Mfa1. The SspB-Mfa1 interaction is essential for the development of P. gingivalis biofilms on a streptococcal substrate (Demuth et al., 2001) and is considered to be an important target for the development of therapeutic agents to prevent P. gingivalis attachment. The SspB region that mediates adhesion to Mfa1 has been identified and comprises residues 1167-1193 (designated BAR for SspB adherence region). The BAR motif is located within the C-terminal domain of SspB (Demuth et al., 2001; Brooks et al., 1997) .
The three-dimensional structure of the SspB C-terminal domain will provide valuable information regarding the interacting epitopes of SspB and may also be the first step towards the design of potential agents that target P. gingivalis adherence. Hence, the present study targets the cloning, overexpression, purification, crystallization and preliminary X-ray diffraction studies of the C-terminal domain of S. gordonii SspB. The cloned fragment represents residues 1061-1413, with a molecular weight of 39.3 kDa.
Materials and methods

Cloning
The C-terminal domain of SspB was cloned from plasmid pEB5 (Demuth et al., 1988) encoding the sspB gene (GenBank U40026). PCR primers were designed based on the domain arrangement suggested for the AgI/II proteins (Jenkinson & Demuth, 1997) . The forward primers were 5 0 -TTTTTCCATGGTTCATTTCCACTATA-GCAGT-3 0 (full length) and 5 0 -TTTTTCCATGGTAACTACTCC-TGGTAAA-3 0 (proteolytic fragment). The reverse primer was 5 0 -AAAAAGGTACCTTAAGTTGTTGTACGTACTGTGTT-3 0 . The PCR product was digested with Acc65I and NcoI and ligated into the equivalent sites of the pET-M11 expression vector (kindly provided by G. Stier, EMBL, Germany). The final constructs encode His 6 -PMSNTNIPTTENLYPEGAM-SspB912-1413 and His 6 -PMSNTNI-PTTENLYPEGAM-SspB1061-1413, respectively. The plasmids were transformed into Escherichia coli DH5 and subsequently selected on kanamycin plates. The positive clones were verified by DNA sequencing.
Overexpression and purification
The constructs were overexpressed in E. coli BL21 (DE3) at 310 K in Luria Broth supplemented with 50 mg ml À1 kanamycin. When the cultures reached an OD 600 of 0.6, the temperature was lowered to 303 K and expression was induced with 0.4 mM IPTG, after which the cultures were grown for an additional 5 h. Cells were harvested by centrifugation at 5300g and the pellets were frozen at 193 K. The pellets were resuspended in 20 mM Tris pH 7.5, 150 mM NaCl and 10 mM imidazole supplemented with EDTA-free protease-inhibitor cocktail (Roche). The suspension was lysed on ice by sonication and cellular debris was removed by centrifugation at 39 000g for 60 min. The supernatant was loaded onto a column packed with Ni-NTA agarose (Qiagen). The SspB C-domain was washed in 20 mM Tris pH 7.5, 150 mM NaCl and 20 mM imidazole and eluted in 20 mM Tris pH 7.5, 150 mM NaCl and 300 mM imidazole. The buffer was exchanged to 20 mM Tris pH 7.5, 150 mM NaCl, 0.5 mM EDTA and 1 mM DTT. The protein was further purified by size-exclusion chromatography using a HiLoad 16/60 Superdex 200 prep-grade column (Amersham Biosciences). The protein purity was judged by SDS-PAGE. The proteolytic and the full-length constructs were both purified following the same protocol; however, only the smaller form resulted in a single peak from gel filtration.
Limited proteolysis and N-terminal sequencing
The full-length SspB C-domain in 20 mM CaCl 2 , 50 mM Tris-HCl pH 8.0, 1% glycerol and 2 mM DTT was incubated with trypsin at a ratio of 1:100 trypsin:protein at 310 K for 2.5 h. Cleavage was monitored by SDS-PAGE (Fig. 2) . Western blotting was used to transfer the cleavage product to a PVDF membrane. N-terminal sequencing of the cleavage product was performed by the Protein Analysis Center (PAC) at Karolinska Institutet, Sweden.
Crystallization
The recombinant proteolytic fragment was concentrated to 10 mg ml À1 in 20 mM Tris pH 7.5, 0.5 mM EDTA and 1 mM DTT using an Amicon Ultra centrifugal filter device (Millipore). Initial crystallization trials were performed by the sitting-drop vapourdiffusion method in a 96-well MRC crystallization plate. Droplets of 1 ml protein solution were mixed with an equal volume of reservoir solution using screens from Hampton Research (Crystal Screen and Crystal Screen II) and Molecular Dimensions (PACT I and II). Crystal quality was improved by the addition of 1%(w/w) -chymotrypsin (equivalent to 4 units ml À1 ) to the protein prior to crystallization as described by Dong et al. (2007) . The content of the crystals were analyzed by dissolving them and running them on a SDS-PAGE gel and by mass spectrometry.
Data collection and processing
Crystals were soaked in crystallization solution supplemented with 20% glycerol and flash-cooled in a liquid-nitrogen stream. Diffraction data were collected on a MAR 165 detector on beamline I911-2 at the MAX-lab synchrotron, Lund to a maximum resolution of 2.1 Å . A total of 180 frames of data were collected with an oscillation angle of 1
, an exposure time of 20 s and a crystal-to-detector distance of 150 mm. The diffraction data were processed with MOSFLM (Leslie, 
Results and discussion
The full-length SspB C-terminal domain, comprising residues 912-1413 (theoretical molecular weight 55.6 kDa), was successfully cloned and overexpressed in E. coli BL21 (DE3). The protein did not purify to homogeneity during gel filtration and no crystals were obtained. Limited proteolysis was performed and the cleavage product was N-terminally sequenced. A new construct comprising residues 1061-1413 of SspB was made based on the N-terminal sequencing result. The new C-terminal protein (theoretical molecular weight 39.3 kDa) eluted as a monomer after size-exclusion chromatography. Initially, thin plate-shaped protein crystals that were stacked together were obtained, which resulted in a diffraction pattern that was difficult to process. By varying the pH, ionic strength, precipitant concentration and temperature, crystals were obtained from 0.2 M MgCl 2 , 0.1 M Tris-HCl pH 8.5 and 30%(w/v) PEG 4000 at room temperature. The crystals were further improved by in situ proteolysis (Dong et al., 2007) by the addition of 1%(w/w) -chymotrypsin to the protein immediately before crystallization setup. The optimization procedures resulted in single well diffracting crystals that grew to dimensions of 0.1 Â 0.08 Â 0.02 mm within a week (Fig. 3) . MALDI-TOF mass spectrometry of washed dissolved crystals determined the molecular weight of the crystallized protein as 36.8 kDa (the fulllength construct is 39.3 kDa). X-ray diffraction data were collected to a resolution of 2.1 Å with 96.4% completeness (76% in the outer shell) and an R merge of 5.2%. Analysis of the symmetry and systematic absences in the recorded diffraction pattern indicated that the crystal belonged to the monoclinic space group P2 1 , with unit-cell parameters a = 35.7, b = 48.9, c = 84.1 Å , = 100.1
. A calculated Matthews coefficient of 1.85 Å 3 Da À1 suggested a 33.7% solvent content with one monomer in the asymmetric unit (Matthews, 1968) . The data-collection and processing statistics are given in Table 1 . 
